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ABSTRACT
This is the second volume of a report documenting the effect of a simulated
ice accretion on the aerodynamic performance of a NACA 0012 airfoil. Both an
experimentally measured and a computer generated ice shape are studied. The
purpose of this report is to present the results of the measurements, not an
analysis of the data. Surface pressure, integrated lift and pitching moment data
are presented as well as drag from a wake survey. A split hot film probe was used
to document the flow-field about the airfoil with simulated ice. Data in the
separation bubbles, reattached boundary layer and wake are presented. Both
tabulated and graphical data are presented in the paper. The data are also
available on computer disk for easy access.
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NOMENCLATURE
Symbol
C
Cd
Cl
Cm
Cp
MACH
Re
Ue
U.
X
y
Airfoil chord length
Airfoil drag coefficient
Airfoil lift coefficient
Airfoil moment coefficient
Airfoil pressure coefficient
Mach number
Reynolds number
Boundary-layer edge velocity
Tunnel velocity
Airfoil x coordinate, nondimensionalized by c
Airfoil y coordinate, or coordinate out from airfoil surface,
nondimensionalized by c
8"
0
Airfoilangle of attack
Boundary-layer displacement thickness, nondimensionalized
by c
Boundary-layer momentum thickness, nondimensionalized by c
_ubsCripts
U Uncorrected data
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I. INTRODUCTION
This report is a continuation of NASA Contractor's Report 179571 (Ref. 1).
Ref. 1 documented the effect of a simulated ice accretion on the aerodynamics of a
NACA 0012 airfoil. Detailed surface pressure distributions, lift, drag and
moment coefficient data were presented for the NACA 0012 airfoil, with and
without simulated ice. Ref. 1 also presented some preliminary velocity profile
measurements on an earlier NACA 0012 model.
The remaining NACA 0012 data are contained in this report. The effect of
surface roughness on the simulated ice accretion is shown through surface
pressures, C1, Cd and Cm data. A split hot-film probe was used to measure the
velocity profiles in the upper and lower surface separation bubbles, in the
boundary layer downstream of reattachment, and in the airfoil wake. These data
are reported here as well. An additional ice shape generated by the LEWICE
code 2 was built and tested on this model. Surface pressure, lift, drag and moment
data from this ice shape are presented.
All the measurements reported here were taken in the Ohio State
University's 3 by 5 foot subsonic wind tunnel. This research was supported by
NASA Lewis under grant NAG 3-28. The preparation of this report was
completed at the University of Illinois and supported in part by grant NAG 3-1134,
also from NASA Lewis.
II. EXPERIMENTAL PROCEDURES AND RESULTS
These data have been analyzed and the experimental procedures described
in several other papers. Two of these AIAA papers3, 4 are reproduced in
Appendix C. The Masters theses by Spring 5 and Khodadoust 6 are also good
references with regards to these data. These theses were too large to include in
Appendix C, but are available as NASA Contractor's Reports. A complete
description of the experimental procedures is also included in Ref. 1. Therefore,
no detailed description of the experiment or data reduction will be included here.
All data in this repQrt was ta_en9 p a NACA O012 airfoil with or without a
simulated ice accretion. Table 1 gi've_th.e c.oordina_tc..s for this m_od.e! without ice
and Table 2 with the simulated ice accretion. Note that the model used here is
referred to as model No. 2 in Ref. i. For the rough ice accretion tests, cloth-backed
sandpaper was applied to the ice shape frQm x/c = .085 on the lower surface to x/c
.... _ := -
= .015 on the upper surface. Two roughness sizes were used: a 60-grit paper with
a nominal roughness size of 0.012 inches, k/c = 0.00057, and a grit number of 36
where k/c = 0.0011.
= :, . =
The__data in this reportare organized a sdesc_ri'_bed beipw: In Se_cti_o_nm
Tables containing the run summaries are given. The run summaries act as an
index for finding data in this report. For the runs where surface pressure
measurements were taken; Cp, Cl, Cd and Cm are given for e_ach rtm_. _With the_u
subscript, e.g. Clu, represents the raw, measured value. Without the subscript,
e.g. CI, is the value corrected for tunnel wall effects 7. Mach number and
Reynolds number are also given for each run. A plot of the surface pressure
coefficient versus X/C is given for each of these runs in Section IV. The plots are
2
m_
in run number order. Note that right-side-up triangles represent upper-surface
pressures and upside-down triangles are lower surface pressures. For many
pressure runs, plots of the measured wake surveys are given. The pressure and
wake plots are uncorrected with regards to wall interference.
Runs during which split-film velocity profiles were taken appear differently
in Sections III and IV. The run summaries in Section III document each run by
giving a, X/C, Re and Uoo. The boundary-layer parameters Ue, 5"/C and 0/C are
determined from the measurements and presented. For runs where reverse flow
is measured Ystag/C and Ysep/C are also given. The calculation of these
parameters is explained in Appendix C or the references. Plots of the measured
velocity profiles are found in Section IV. Note that the coordinate y in these plots is
measured out from the airfoil surface, perpendicular to the tunnel axis (or free-
stream velocity direction). This was due to the orientation of the probe traversing
mechanism. A zero value of y corresponds to the model surface, except for
measurements in the wake where y = 0 always corresponds to the trailing edge.
Also contained in this report are Appendices A, B and C. Appendix C
contains copies of references 3 and 4 as discussed earlier. Appendix A contains
the pressure data on the NACA 0012 with the LEWICE shape. The format is the
same as Sections III and IV, but the data were placed here to minimize confusion
with the other ice shape. A 5 1/4 high density disk is available upon request and
contains, in ASCII format, the run summaries and the numerical data contained
in all the plots. Appendix B gives the format used for these data on the disk.
3
TABLE 1. COORDINATES FOR THE NACA 0012 MODEL
s
No. Xupper
1 0.OO000
2 0.OO3O9
3 0.00621
4 0.01380
5 0.02230
6 0.03140
7 0.04080
8 0.O50OO
9 0.06000
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
lO 0.07000
0.08OO0
0.09000
0.10000
0.11000
0.12000
0.13000
0.14000
0.15000
0.160O0
0.170O0
0.18000
o.i_o
0.20000
0.21000
0.22000
0.23000
0.24000
0.25000
o._o
Yupper
0.00OO0
0.00967
0.01356
0.01984
0.02481
0.02899
0.03256
0.03555
0.03838
0.04086
0.043O7
0.04505
0.04683
0.04843
0.04988
0.05119
0.05238
0.05345
0.05442
0.05529
0.05607
0.05676
0.05738
0.05792
0.05839
0.05879
0.05913
0.05941
0.05864
Xlower
0.00000
0.00309
0.00621
0.02230
0.04080
0.08000
0.12000
0.16000
0.20000
0.24OOO
0.28000
0.32000
0.36000
0.40000
0.44000
0.50O00
0.56000 -0.04878
0.60O00 -0.04563
0.65000 -0.04132
0.700O0 -0.03664
0.75000 -0.0316O
0.80000 -0.02623
0.85000 - 0.02053
0.90000 -0.01448
0.95000 -0.00807
0.97500 -0.00471
1.00000 0.00000
0.27000 0.05981
31 0.28000 0.05993
32 0.29000 0.06000
33 0.30000 0.06002
Ylower
0.00000
-0.00967
-0.01356
-0.02481
-0.03256
-0.04307
-0.04988
-0.05442
-0.05738
-0.05913
-0.05993
-0.05993
-0.05926
-0.05803
_0_0563i _ _ ;_
-0.05294 ::= : :
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TABLE 1. (Continued)
No. Xupper
33 O.3OO00
34 0.31000
35 0.320O0
36 0.33000
37 O.34OO0
38 0.35000
39 0.36OO0
40 0.37000
41 0.38000
42 0.39000
43 0.40000
44 0.420O0
45 0.44000
46 0.47000
47 0.50000
48 O.53OOO
49 O.56OOO
,50 0.6O000
51 0.65000
52 0.70000
53 0.75000
54 0.80000
55 0.85000
56 0.90000
57 0.95000
58 0.97500
fl_ 1.00000
Yupper
0.06002
0.O5999
0.05993
0.05982
0.05967
0.05949
0.05926
0.05900
0.05871
0.05839
0.05803
0.05723
0.05631
0.05473
0.05294
0.05095
0.04878
0.04563
0.04132
0.03664
0.03160
O.02623
0.02053
0.01448
0.OO807
0.00471
O.OOOOO
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TABLE 2. COORDINATES FOR THE NACA 0012 MODEL
ICED CONFIGURATION
No. Xupper
1 -0.02660
2 -0.02450
3 -0.02080
4 -0.01000
5 -0.00010
6 0.01000
7 0.02210
8 0.03110
: 9 0.04070
10 0.04910
II 0.05950
12 0.06940
13 0.0794O
14 0.08910
15 0.09900
16 0.10970
4 17 0.11970
= 18 0.12969
° 19 0.14000
2o 0.16o00
21 0.17000
22 0.18000
z
23 0.19000
24 0.20000
25 0.21000
26 0.22000
27 0.23000
2s
29 O.25OOO
3O 0.26000
31 0.28000
32 0.30000
i
I
I
Yupper Xlower Ylower
0.01690* -0.02660 0.01690
0.02870* -0.02220 0.00390
0.03060* -0.01750 -0.00700
0.02880 -0.01070 .0.01840
0.02680 -0.00360 -0.02840
0.02500 0.00590 -0.03930
0.02670 0.01500 -0.04740
0.03000 0.02580 -0.05330**
0.03330 0.03000 .0.05300**
0.03610 0.03970 -0.05030
0.03900 0.04950 -0.04730
=
0.04140 0.06000 -0.04410
0.04350 0.06950 -0.04210
0.04550 0.07930 -0.04360
0.04720 0.10940 -0.04870
0.04870 0.11930 -0.0500
0.05000 0.12900 -0.05110
0.05140 0.14000 -0.05200
0.05240 0.16000 -0.05442
0.05442 0.2000 -0.05738
0.05500 0.24000 -0.05913
0.05607 0.28000 -0.05993
-_-- _ _: _ _ _
0.05676 0.32000 -0.05993
0.05738 0._ _- -0.0 _59_2_6
: : ::A -=: : ....
0.05792 0.40000 -0.05803:
" 7 " "
0.05839 0.44000 -0.05631
0.05879 0.50000 -0.05294
0.05913 0.56000 -0.04878
0.05941 0.60000 -0.04563
0.05864 0.70000 -0.03664
0.05993 0.75000 -0.03160
0.06002 0.85000 -0.02053
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TABLE 2. (Continued)
No. Xupper Yupper
33 0.32000 0.05993
34 0.34000 0.05967
35 0.36000 0.05926
36 0.38000 0.05871
37 O.4OO00 0.05800
38 0.42000 0.05700
39 0.44000 0.05631
40 0.47000 0.05473
41 0.5OOO0 0.05294
42 0.53OO0 0.05095
43 0.56000 0.04878
44 0.60000 0.04563
45 0.70000 0.03664
46 0.75000 0.03160
47 0.80000 0.02623
48 0.85000 0.02053
49 0.90000 0.01448
50 0.95000 0.00807
51 0.97500 0.00471
52 1.00000 0.00000
Xlower Ylower
0.90000
0.95000
0.97500
1.00000
-0.01448
-0.00807
-0.00471
0.0O000
Note:
Note:
Upper surface horn radius of
curvature, (r/c)u = 0.00595.
Lower surface horn radius of
curvature, (r/c) 1 = 0.01042.
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SECTION I!I:,
RUN SUMMARIES
8 _E
NACA 0012 MODEL - GLAZE ICE CONFIGURATION
RUN au a Clu CI Cdu Cd Cmu Cm
(deg) (deg)
MACH Re
x10-6
1118 0.00 -0.01 -0.002 -0.001 0.0269 0.0262 -.0075 -.0074
1119 2.00 2.05 0.187 0.178 0.0291 0.0283 0.0023 0.0036
1120 4.00 4.12 0.386 0.366 0.0402 0.0390 0.0131 0.0156
1121 6.00 6.17 0.555 0.523 0.0701 0.0677 0.0136 0.0171
1122 8.00 8.10 0.589 0.551 0.1114 0.1066 -.0592 -.0529
1123 -2.00 -2.06 -0.186 -0.177 0.0342 0.0333 -.0109 -.0120
1124 -4.00 -4.11 -0.378 -0.359 ..... .0103 -.0128
1125 -6.00 -6.13 -0.540 -0.507 0.0936 0.0899 0.0197 0.0153
1126 -8.00 -8.10 -0.600 -0.559 0.1204 0.1150 0.0541 0.0479
0.125 1.51
0.130 1.50
0.126 1.50
0.125 1.48
0.121 1.46
0.124 1.50
0.126 1.50
0.122 1.48
0.121 1.47
NACA 0012 MODEL - GLAZE ICE CONFIGURATION, 60 GRIT ROUGHNESS
RUN au a Clu C1 Cdu Cd Cmu Cm MACH Re
(deg) (deg) x10-6
1149 4.00 4.12 0.396 0.375 0.0455 0.0442 0.0135 0.0160 0.122 1.56
1150 0.00 -0.01 -0.012 -0.012 0.0300 0.0292 -.0103 -.0102 0.121 1.62
1151 6.00 6.15 0.563 0.529 0.0829 0.0798 -.0019 0.0021 0.121 1.58
1152 1.00 1.01 0.072 0.069 0.0298 0.0289 -.0054 -.0048 0.121 1.62
1153 2.00 2.05 0.174 0.165 0.0318 0.0309 -.0006 0.0007 0.122 1.62
1154 3.00 3.08 0.273 0.259 0.0354 0.0344 0.0048 0.0066 0.122 1.61
1155 4.00 4.12 0.392 0.371 0.0448 0.0435 0.0142 0.0167 0.122 1.62
1156 5.00 5.15 0.474 0.448 0.0587 0.0567 0.0519 0.0189 0.122 1.61
1157 6.00 6.15 0.582 0.545 0.0923 0.0887 -.0119 -.0074 0.122 1.59
1158 7.00 7.12 0.598 0.556 0.1281 0.1222 -.0390 -.0333 0.121 1.56
1159 8.00 8.09 0.554 0.516 ..... .0595 -.0534 0.119 1.57
1160 9.00 9.06 0.480 0.447 ..... .0625 -.0567 0.119 1.56
1161 0.00 -0.02 -0.037 -0.035 0.0306 0.0298 -.0083 -.0084 0.121 1.61
1162 -1.00 -1.06 -0.116 -0.110 0.0332 0.0323 -.0215 -.0218 0.121 1.60
1163 -2.00 -2.09 -0.238 -0.226 0.0377 0.0366 -.0188 -.0201 0.120 1.60
1164 -1.00 -1.05 -0.125 -0.118 0.0328 0.0319 -.0176 -.0182 0.121 1.62
1166 -3.00 -3.11 -0.334 -0.317 0.0436 0.0423 -.0186 -.0205 0.120 1.60
1167 -4.00 -4.14 -0.405 -0.383 0.0526 0.0509 -.0228 -.02522 0.120 1.60
1168 -5.00 -5.15 -0.497 -0.469 0.0668 0.0645 -.0122 -.0154 0.118 1.60
1169 -6.00 -6.12 -0.558 -0.523 0.0985 0.0945 0.0254 0.0207 0.118 1.59
1170 -7.00 -7.10 -0.533 -0.497 0.1193 0.1140 0.0435 0.0382 0.117 1.57
1171 -8.00 -8.06 -0.477 -0.442 0.1504 0.1428 0.0630 0.0570 0.117 1.56
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NACA 0012 MODEL - GLAZE ICE CONFIGURATION, 36 GRIT ROUGHNESS
RUN au a Clu C1 Cdu Cd Cmu Cm MACH Re
(deg) (deg) x10-6
1172 6.00 6.15 0.541 0.517 .... 0.0042 0.0080 0.121 1.55
1173 0.00 -0.01 -0.017 -0.016 0.0298 0.0290 -.0093 -.0092 0.120 1.57
1174 1.00 1.01 0.073 0.070 0.0294 0.0286 -.0052 -.0045 0.121 1.58
1175 2.00 2.05 0.182 0.173 0.0316 0.0_ 0.00i2 0.0025 0.121 1.56
1176 3.00 3.09 0.306 0.291 0.0362 0.0352 0.0064 0.0084 0.122 1.56
1177 4.00 4.11 0.370 0.351 0.0432 0.0419 0.0ill 0.0135 0.122 1.57
1178 5.00 5.15 0.481 0.454 0.0564 0.0546 0.0160 0.0190 0.122 1.58
1179 6.00 6.15 0.542 0.510 0.0794 0.0765 0.0033 0.0070 0.121 1.60
1180 7.00 7.13 0.589 0.551 0.1101 0.1054 -.0280 -.0229 0.120 1.57
1181 8.00 8.10 0.553 0.516 ..... .0433 -.0379 0.119 1.57
1182 9.00 9.05 0.477 0.446 ..... .0697 -._9 0.118 1.54
1184 0.00 -0.01 0.006 0.006 0.0296 0.0288 -.0071 -.0069 0.121 1.59
1185 -1.00 -1.03 -0.087 -0.083 0.0322 0.0313 -.0084 -.0089 0.120 1.56
1186 -2.00 -2.07 -0.184 -0.174 ..... .0175 -.0185 0.122 1.61
1187 -2.00 -2.07 .... 0.0392 0.0380 .... 0.120 1.61
1188 -3.00 -3.11 -0.304 -0.288 0.0439 0.0426 -.0232 -.0248 0.119 1.61
1189 -4.00 -4.12 -0.389 -0.368 0.0525 0.0509 -.0134 -.0i58 0.119 1.60
1190 -5.00 -5.14 -0.483 -0.455 0.0745 0.0718 -.0066 -.0098 0.119 1.60
1191 -6.00 -6.12 -0.528 -0.495 0.I010 0.0969 0.0231 0.0186 0.118 1.59
1192 -7.00 -7.08 -0.525 -0.489 0.1280 0.1221 0.0556 0.0498 0.118 1.55
1193 -8.00 -6.06 -0.470 -0.437 0.1411 0.1342 0.0639 0.0580 0.117 1.57
==
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NACA 0012 MODEL NO. 2 - GLAZE ICE CONFIGURATION
SPLIT FILM VELOCITY PROFILES 1
RUN au X/C Re U_ Ue 8"/C 0/C
(deg) xl0 -6 (ft/s) xl03
Ystag/C Ysep/C
UPPER SURFACE
1218 0.00 -0.02 1.51 132.9 166.3 0.00256 0.08368
1219 0.00 0.00 1.54 134.7 170.8 0.01379 2.06816
1220 0.00 0.02 1.52 133.4 174.4 0.01938 3.59458
1221 0.00 0.04 1.51 132.5 170.7 0.01329 3.07344
1222 0.00 0.06 1.51 132.5 159.9 0.00849 2.29566
1223 0.00 0.08 1.52 132.2 151.0 0.00501 2.60386
1224 0.00 0.10 1.51 131.6 151.0 0.00388 2.42981
1225 0.00 0.12 1.50 130.7 151.0 0.00302 1.93082
1226 0.00 0.30 1.51 130.8 153.1 0.00260 1.75967
1227 0.00 0.60 1.52 131.7 143.4 0.00377 2.63889
LOWER SURFACE
1228 0.00 0.03 1.58 133.9 165.1 0.00274 0.20916
1229 0.00 0.04 1.58 133.6 169.9 0.01038 1.17907
1230 0.00 0.06 1.58 133.8 176.3 0.02194 2.69767
1231 0.00 0.08 1.54 133.2 182.5 0.02581 3.87665
1232 0.00 0.10 1.53 132.2 184.4 0.02421 4.89539
1Z:23 0.00 0.12 1.52 132.2 180.3 0.02174 4.94855
1234 0.00 0.14 1.51 132,8 179.1 0.01932 4.46379
1235 0.00 0.16 1.50 132.6 170.0 0.01587 3.93228
1236 0.00 0.20 1.50 132.1 159.5 0.01114 4.93231
1237 0.00 0.32 1.51 132.5 153.9 0.00635 4.41128
12_ 0.00 0.60 1.51 132.6 142.9 0.00585 4.36459
LOWER SURFACE
0.001206 0.001294
0,009277 0.013129
0.011610 0.018316
0.006240 0.011052
0.001769 0.003223
1240 2.00 0.03 1.58 133.3 149.9 0.00277 0.19498
1241 2.00 0.04 1.57 132.7 153.7 0.00869 1.01987
1242 2.00 0.06 1.57 132.8 159.1 0.01933 2.67214
1243 2.00 0.08 1.56 131.7 159.7 0.02223 3.95914
1244 2.00 0.10 1.56 131.9 157.0 0.01904 4.15164
1245 2.00 0.12 1.54 130.8 153.4 0.01550 3.59228
1246 2.00 0.14 1.55 130.9 145.6 0.01298 3.33829
1247 2.00 0.16 1.54 130.6 139.5 0.00952 4.00359
1248 2.00 0.20 1.52 129.8 141.3 0.00634 3.90459
1249 2.00 0.32 1.52 129.8 142.9 0.004 13 2.98002
1250 2.00 0.60 1.52 129.6 138.7 0.00469 3.47950
0.002090 0.002163
0.007456 0.009837
0.015746 0.020972
0.016286 0.024223
0.012915 0.021599
0.010273 0.018256
0.008019 0.014209
0.004O49 0.0O6794
1 Each data point represents the
0.001936 0.002248
0.006457 0.008171
0.012980 0.018183
0.012943 0.020362
0.009676 0.016275
0.006314 0.011235
0.002634 0.0O4886
average of 2,000 samples at 2 Khz with a 1Khz low-pass filter.
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NACA 0012 MODEL NO. 2- GLAZE ICE CON-FIGURATION
SPLIT FILM VELOCITY PROFILES 1
RUN au X/C Re Uo, Ue 5"/C
(deg) xl0 -6 (ft/s)
O/C Ystag/C
xlO 3
Ysep/C
LO_R SURFACE
1251 4.00 0.03 1.49 127.1 140.4 0.00322
1252 4.00 0.04 1.50 !2_7.7 144.5 0.00790
1253 4.00 0.06 1.49 127.3 148.7 0.01784
1254 4.00 0.08 1.50 127.7 150.1 0.01876
1PA5 4.00 0.10 1.50 127.8 145.9 0.01531
1256 4.00 0.12 1.50 1..28.0 137.3 0.01163
1257 4.00 0:14 1.49 127.6 133.5 0.00906
1258 4.00-0.16 :i,4_:: 127.8 I_i:_ 0,_
1259 4.00 0.20 1.50 128.3 133.2 0.00447
1260 4.00 0.32 :1_5i 128.8 137.9 0.00325
1261 4.00 0.60 1.52 129.3 135.6 0.00377
0.28970 0.002246
1.04821 0.005_119
2.55881 0.011402
3.48887 0.009945
3.64209 0.006255
2.93611 0.002925
3.66426 _-
3.61518 --.
2.96064 --
2.32106
2.74562
0.002420
0.007175
0.016488
0.016482
0.011989
0.005636
LOWER SURFACE
1263 4.00 0.04 1.54 131.1 143.1 0.00703
1264 4.00 0.06 1.55 131.7 147.7 0.01578
1265 4.00 0.08 1.54 131.0 148,0 0.01985
1266 4.00 0.10 1.54 130.9 143.3 0.01607
__ .......4.00 .... 0.12 1.53 13(}.5 137.8 0.01302
1268 4.00 0.14 1.54 1_0.9 133,8 0,01052
_ ....... 4._--_ L83 i30:7_-: i32:0 0.00773
=_ 4.06 +_ OT20 : 1.,_4 : :13!_'(} :: 132:__ 0.(_0_0
1272 4.00 0.60 1.54 131.1 134.6 0.00391
1.02225
2.26427
3.66746
3,61896
3._!1
3.82705
4.04689
2. 7
2.85567
0.003531 0.005215
0.009532 0.014213
0.010630 0.017507
0.006585 0.012288
0,0Q37__ _0.___3
"-- "_ _ i
UPPER SURFACE
1276:: 4.00 0.0_ _
1277 4.00 0.04
1278 4.00 0.06
1279 4.00 0.08
132.3 1_91,7 0.03078
1_2_.8 191.7
3.87014
0.03146 5.29906
0.02927 5.96122
0.02739 6.1_97
0.0_6__ 5.4_!_- 2
1.56 0.0_ 0.029_5
1.56 0.021205 0.030443
1.56 132.! 191.9 0.017012 0.027360
1.56 132.3 190.4 0.014398 0.0_
_i_56 1_2.3 "-_ 1_6 0._0!!6_20JO_O
1281 4.00 0.12 1.55 131.3 179.7 0.02243 5.08189 0.008697 0.015248
1282 4.00 0.14 1.56 !32.1 173.6 0.01996 5.17859 0.003021 0.005853
1283 4.00 0.16 1.55 131.7 170.1 0.01718 6.06629 : ---
1284 4.00 0.18 1.55 132:0 166.3 0.0i5_ 6.70712 ....
1285 4.00 0.20 1.55 131.6 164.1 0.01415 6.9_22 ....
1286 4.00 0.30 1.55 131.8 156.8 0.01103 7.10135 ....
1287 4.00 0.60 !.53 130.4 145.1 0.01363 9.75852 ....
1 Each data point represent s the average of 2,000 samples at 2Khz with a 1Kh z low-pass filter,
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NACA 0012 MODEL NO. 2 - GLAZE ICE CONFIGURATION
SPLIT FILM VELOCITY PROFILES 1
RUN au X/C Re U_ Ue 8"/C 0/C
(deg) xl0 "6 (ft/s) xl03
Ysep/C
UPPER SURFACE
1288 4.00 -0.02 1.51 129.7 146.1 0.00443 1.17114
1289 4.00 0.00 1.52 129.8 173.2 0.02067 2.43574
1290 4.00 0.02 1.52 130.4 184.5 0.03148 4.08657
1291 4.00 0.04 1.52 130.0 190.8 0.02962 4.84494
1292 4.00 0.06 1.52 130.0 194.2 0.02896 5.69942
1293 4.00 0.08 1.52 130.2 195.1 0.02658 5.77973
1294 4.00 0.10 1.52 130.3 191.9 0.02469 5.51482
1295 4.00 0.12 1.53 131.1 185.7 0.02242 5.00107
1296 4.00 0.14 1.53 130.8 179.5 0.02016 4.81829
1297 4.00 0.16 1.54 131.2 173.0 0.01743 5.38042
1298 4.00 0.18 1.54 131.2 166.5 0.01545 6.07596
1299 4.00 0.20 1.54 131.0 163.1 0.014.04 6.48157
1300 4.00 0.30 1.55 131.5 156.1 0.01040 6.78434
1301 4.00 0.60 1.53 130.3 144.2 0.01352 9.85275
UPPER SURFACE
1302 2.00 -0.02 1.54 130.5 138.7 0.00325 0.61470
1303 2.00 0.00 1.54 131.2 165.2 0.01823 2.57040
1304 2.00 0.02 1.54 131.2 177.9 0.02532 3.95163
1305 2.00 0.04 1.53 130.8 179.5 0.02191 4.48966
1306 2.00 0.06 1.54 131.3 176.5 0.01763 4.04237
1307 2.00 0.08 1.54 131.4 168.3 0.01321 3.10815
1308 2.00 0.10 1.54 131.1 160.9 0.01016 3.47808
1309 2.00 0.12 1,54 131.2 156.8 0.00806 3.91730
1310 2.00 0.14 1.53 130.8 154.1 0.00637 3.67451
1311 2.00 0.16 1.54 130.9 154.1 0.00527 3.29312
1312 2.00 0.30 1.55 131.9 153.8 0.00457 3.27906
1313 2.00 0.60 1.54 131.8 143.4 0.00631 4.70146
0.002467
0.015509
0.022612
0.018890
0.016327
0.013564
0.011552
0.008816
O.005341
0.002111
0.013138
0.017222
0.012344
0.008360
0.004641
0.003133
0.019987
0.030640
0.028245
0.026883
0.023495
0.020470
0.016217
0.009662
0.002150
0.017587
0.024493
0.020434
0.015040
0.008096
1 Each data point represents the average of 2,000 samples at 2Khz with a 1Khz low-pass filter.
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NACA 0012 MODEL NO. 2 - GLAZE ICE CONFIGURATION
SPLIT FILM VELOCITY PROFILES 1
RUN au X/C Re U_ Ue 8"/C
(deg) xl0 -6 (ft/s)
O/C Ystag/C Ysep/C
xlO 3
• UPPER SURFACE
1344 6.00 -0.02 1.53 130.2 129.3
1346 6.00 0.02 1.53 129.8 167.3
1347 6.00 0.00 1.53 130.3 155.1
1348 6.00 0.04 1.53 130.1 171.7
1349 6.00 0.06 1.52 129.0 174.9
13_}- _.00 0.08 1.52 129.0
-l--_i .... 6.00 O.J:O -1.51 128.3
1352 6.00 0.12 1.51 128.0
1353 6.00 0.14 1.50 127.4
0.00552 1.06619 0.003710 0.004770
0.03805 4.53448 0.028434 0.037064
0.02531 2.94743 0.019326 0.024635
0.03948 5.47956 0.027536 0.038037
0.04108 6.49270 0.026288 0.039096
179.5 0.04222 7.29865 0.025410 0.039702
180.3 0.04390 8.0-_02 0.025263 0.040887
182.7 0.04541 8.59370 0.025835 0.041558
184.2 0.04620 9.11629 0.023625 0.041200
1354 6.00 0.16 1.48 126.1
1355 6.00 0.18 1.49 I2_6.5
1356 6.00 0.20 1.49 126.3
1357 6.00 0.22 1.47 124.9
1358 6.00 0.24 1.46 124.1
1359 6.00 0.26 1.47 124.8
1360 6.00 0.28 1.46 124.3
1361 6.00 0.30 1.47 i_.3
1362 6.00 0.34 1.46 124.0
1363 6.00 0.38 1.46 123.3
1364 6.00 0.42 1.46 123.4
1365 6.00 0.47 1.46 123.7
1366 6.00 0.53 1.45 123.0
1367 6.00 0.60 1.46 123.2
183._3 0.04706 9.61884 0.023_88 0.041395
181.9 0.04821 9.88036 0.024241 0.041712
180.7 0.04969 10.23559 0.023714 0.041902
179.6 0.05007 10.14880 0.022834 0.040868
176.1
173.8
172.2
168.3
163.7
155.7
154.5
151.4
145.0
140.6
0.05009 10.48751 0.020869 0.038888
0.04966 10.33775 0.019498 0.036108
0.04948 10._2 0.018550 0.03_
0.04942 10.80872 0.015084 0.029309
0.047752 11.56415 0.006308 0.015349
0.04856 15.38423 ....
0.04852 15.08397 ....
0.04865 17.42703 ....
0.04900 19.35245 ....
0.05055 21.83168 ....
i Each data point represer/ts the average of 2,000 samples at 2 l_z _n_tha 10 Khz tow'pass filter. _ =
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NACA 0012 MODEL NO. 2 - GLAZE ICE CONFIGURATION
SPLIT FILM VELOCITY PROFILES 1
RUN a X/C Re U.. Ve _*/C 0/C
(deg) x10-6 (ft]s) (ft/s)
WAKE
1850 0.00 1.80 1.57 138.4 135.7 0.01766 14.82117
1852 2.00 1.80 1.57 138.7 136.6 0.01930 16.24803
1856 4.00 1.80 1.61 138.6 128.4 0.02605 21.60597
1858 6.00 1.80 1.59 136.9 127.6 0.04478 36.59986
1859 -4.00 1.80 1.61 138.2 127.6 0.03064 25.74941
1860 -4.00 1.60 1.62 139.3 126.8 0.03235 26.47818
1862 0.00 1.60 1.62 139.5 129.0 0.01860 15.41965
1863 2.00 1.60 1.62 139.3 128.8 0.01883 15.56903
1864 4.00 1.60 1.62 139.6 129.2 0.02679 21.92687
1865 6.00 1.60 1.60 138.0 129.2 0.04913 38.81922
1866 6.00 1.40 1.60 = 137.6 129.5.= 0.05351 40.39152
1867 4.00 1.40 1.62 139.2 129.1 0.02857 22.81225
1868 2.00 1.40 1.63 139.9 127.8 0.01942 15.73106
1869 0.00 1.40 1.62 139.5 127.6 0.01858 15.04000
1870 -4.00 1.40 1.62 139.0 128.0 0.00061 0.01775
1872 0.00 1.20 1.62 139.5 126.0 0.02084 16.16307
1873 2.00 1.20 1.62 139.7 126.3 0.02176 17.05751
1874 4.00 1.20 1.62 139.2 126.9 0.03085 23.57301
1876 6.00 1.20 1.60 137.8 128.3 0.05827 40.11375
UPPER SURFACE
1879 2.00 1.00 1.62 139.5 127.1 0.03332 22.36647
1880 4.00 1.03 1.62 139.2 128.7 0.04187 28.15812
1881 6.00 1.00 1.60 138.0 132.1 0.07399 42.70959
WAKE
1885 6.00 1.20 1.55 138.3 143.0 0.06079 42.1(7321
1886 6.00 1.40 1.54 137.8 143.3 0.05282 39.78783
1887 6.00 1.60 1.60 138.0 130.0 0.04946 39.10095
1888 6.00 1.80 1.60 138.1 130.5 0.04718 38.47595
1 Each data point represents the average of 2,000 samples at 2 Khz with a 1 Khz low-pass filter.
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zNACA 0012 MODEL NO. 2 - GLAZE ICE CONFIGURATION
SPLIT FILM VELOCITY PROFILES 1
RUN a X/C Re U_ Ue 8"/C 0/C
(deg) x10-6 (ft/s) (ft/s)
UPPER SURFACE
1892 0.00 0.60 1,63 140.5 146.5 0.00415 2.88285
1893 2.00 0,60 1.63 140.3 150.2 0.00691 5.11234
1894 4.00 0.60 1.62 139.8 149.3 0.01338 9.70465
1895 6.00 0.60 1.61 138.9 150.3 0.03779 20.83421
1897 -4.00 0.60 1.68 139.3 127.6 0.00222 1.35198
1899 -4.00 0.80 1,67 142.1 137.5 0.00301 1.92959
1900 0.00 0.80 1,68 143.1 138.7 0.00523 3.66435
1901 2.00 0.80 1.67 142.3 139.9 0.00899 6.57726
1902 4.00 0.80 1.69 142.1 136.6 0.01634 11.82204
1903 6.00 0.80 1.68 141,1 137.4 0.04488 26.15406
1904 6.00 0.90 1.67 140.9 135.1 0.05363 30.77714
1905 4.00 0.90 1.68 141.7 134.0 0.02379 16.58441
1906 2.00 0.90 1.70 142.7 133.0 0.01236 9.06991
1907 0.00 0.90 1.69 141.8 131.5 0.00710 5.07290
1908 -4.00 0.90 1,70 143.1 131.7 0.00366 2.44436
1909 -4.00 1.00 1.70 142.8 128.2 0.00531 3.42559
19!0 0.00 1.00 1.70 143.3 127.7 0.01021 6.78563
1911 2.00 1,00 1.70 143.4 129.2 0.01650 11.08343
1912 4.00 1.00 1,69 142.0 132.6 0.03153 20.27576
1913 6.00 1.00 1.68 141.3 133.7 0.06266 33.91847
1 Each data point represents the average of 2,000 samples at 2 Khz with a 1 Khz low-pass filter.
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NACA 0012 MODEL NO. 2 - GLAZE ICE CONFIGURATION
SPLIT FILM VELOCITY PROFILES
RUN au X/C Re U_ Ue 5'/C e/C
(deg) xl0 -6 (ft/s) (ft/s) xl03
Y-stag/C Y-sep/C
19151 I0.00 0.04 1.60 1362.
19161 8.00 0.04 1.61 137.0
19171 4.00 0.04 1.66 141.1
19251 4.00 0.20 1.66 141.1
19261 10.00 0.20 1.59 135.6
19271 10.00 0.50 1.59 135.3
19282 0.00 0.00 1.58 140.5
19292 2.00 0.00 1.58 140.1
19302 4.00 0.00 1.57 139.9
19311 4.00 0.00 1.58 140.5
19321 4.00 0.04 1.58 140.4
19332 4.00 0.04 1.61 139.8
19342 6.00 0.04 1.61 139.5
19351 6.00 0.04 1.61 139.3
19361 8.00 0.04 1.58 136.9
19372 8.00 0.04 1.56 135.4
19382 10.00 0.04 1.56 135.1
19391 10.00 0.04 1.55 134.3
19402 2.00 0.04 1.62 140.0
19412 0.00 0.04 1.63 140.9
19422 4.00 0.08 1.62 140.2
19441 4.00 0.08 1.55 138.9
19461 4.00 0.12 1.55 138.6
19472 4.00 0.12 1.55 139.1
19482 4.00 0.16 1.56 139.6
19491 4.00 0.16 1.55 138.5
19501 4.00 0.20 1.55 138.5
19512 4.00 0.20 1.56 140.1
19522 10.00 0.20 1.49 133.7
19531 10.00 0.20 1.49 133.4
19541 10.00 0.50 1.50 134.1
19552 10.00 0.50 1.49 133.8
143.9 0.04301 5.61951 0.031715 0.041692
149.4 0.03819 5.54065 0.027111 0.036917
152.6 0.03111 5.63747 0.020469 0.030256
153.8 0.01028 5.29112 ....
153.6 0.08171 16.99286 0.048324 0.075894
152.1 0.15801 37.35664 0.086952 0.014530
157.3 0.01498 2.42523 0.009900 0.014389
167.6 0.01900 2.84426 0.013405 0.018421
167.8 0.02160 2.85243 0.015521 0.020875
168.2 0.02140 2.85181 0.015495 0.020761
169.7 0.03048 5.48212 0.019727 0.029523
157.7 0.03034 5.50181 0.019266 0.093628
157.5 0.03824 5.97609 0.026889 0.037162
157.4 0.03792 5.83559 0.025946 0.036672
148.5 0.04254 5.92125 0.030666 0.040896
149.7 0.04242 5.81611 0.030615 0.040379
134.9 0.04315 6.07493 0.031773 0.041806
135.6 0.04270 5.88866 0.031190 0.041149
158.1 0.02038 4.65249 0.011004 0.018897
152.3 0.01232 2.82245 0.004958 0.009337
158.4 0.02501 5.90061 0.012873 0.022778
170.7 0.02568 6.32683 0.013113 0.023166
171.0 0.02081 4.64299 0.008902 0.015849
171.0 0.01958 4.55180 0.007755 0.014023
171.0 0.01539 5.00079 ....
171.0 0.01500 5.11705 ....
170.7 0.01223 6.16270 ....
170.8 0.01223 6.10086 ....
164.9 0.08371 17.95642 0.048933 0.079398
164.1 0.08275 18.25781 0.048211 0.078107
169.0 0.15810 36.94591 0.084156 0.144860
168.2 0.15927 36.00207 0.088328 0.147131
1 Each data point represents the average of 10,000 samples at 2 Khz with a 1 Khz low-pass filter.
2 Each data point represents the average of 10,000 samples at 10 Khz with a 5Khz low-pass filter.
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SECTION IV:
DATA PLOTS
=
=-
g
Z
18
m,t
$.
I
4
,:-,.
I
c.
Q.....J.
C_,_ "t
¢:)
_m
,,,.i
-...20"
RUN 1.1.1.8
ROR -. 01
M 0,1.3
RE t ,.51
CL -. 001
V
O-..OIT 0"..20" 0.4,0 O.6"G O. 80"
v X/C
19
1' I
0
¢D
c;"
,'-'.lb
03"a..='!
(/'30
lid
O,-t_
RUN 1118
COH O. 0262
ROR -.01
,,_ RCHO. 125
°4-. O0 I!,00 12.00 I.§. O0 20.=0_0"_ _4.-_00" 211.0_0
PO$_iiION l N @AKE -lu]@| - ....
2O
A.
01.
I
C:
0
o
!
d
!
Ln
C3
C)
0_
in
m 2O
BUN 1119
ROR
M
RE
CL
COW
CM
2.05
0.13
1.50
0.178
0.028.3
0.0036
J_
J_
_z
A
_,_v _'_'_ _ _'_z
_A
V_z
0,0U
v
! _ ' , , |
0,20 O..40 0,60"
X/'C
2i
l
I ,00
c;',
c;"
"_t:)
(/") q,.
(L. ¢:
w
0")
O,.)o
O3
I.=.1
G.._)
CE
..¢
O=
¢:)
_d
II
011 4.,00
RUN 1.1.1.9
CON O. 0283
ROR 2.05
25
e.oo I_.0o is.oo zo.o.
POSITION IN HRK[ (J[N)
II
24,00
22
$.
L
I
Q_,.0.
¢j'l
b
In
0
b
In
3-
_°
V
V
20" O, 0"(7
V
RUN 1120
ROA 4.1.2
H 0.13
RE t.50
CL O. 366
COk r O. 0390
CM O. 01.$6
V
O. 20" 0_40
X/C
|0,6(3" t.OO
23
B, m
"" C3
t,--,i ,,,.4
(,r)
ILl
fj-)O
w
_o
-T
_a
_a
RUN 1120
COW O, 0390
• ROR 4 12
S
|
24
4..on e.on 1,_..oo t . o 2b.oo 24.0o
tO.
I
4
I
0-._.¢.$1
RUN 1.121.
b
In
A
V
ROR 6.1. 7
M 0.1.2
RE t.48
CL 0.523
CO1& O. 0677
CM O. 01.71
-.20 0.01I
V
a_
V
0 • 20 0.4O 0. S(_
X/C
!
1,00
,lb
¢:;
c;"
c;
"_b
_°
O3
I iJ
_"o
¢E
,¢
e e
o
_m
_0o ,_ e=, o
RUN 1121
CDkr O. 0677
ROR 6. [7
25
! I
Posr[ION
ii II II1_
20._(T
26
RUN ! ! 22
4
N
I
0
e
w-I.
!
(Jr
i
o
4'_
0
8
m
M
RE
CL
CDW
CM
8.t0
0. t2
1.46
0.551
0.t066
-.0529
A_
V Lb,_A _A_
_z
v
2O 0.010" O, 20 O. 40 O, 60
X/C
0,60
II
1.00
2"7
{D
C_u
N
"_ C)
o.-.e....
(r)-_
0.." i
u')
ILl
_0
W
tY-
-r
_G
i
!
i
o
o_
o_
0 m:
O. O0
11
4, DO
11 I I
8.00 |2.00
POSIT ]ON IN HAKE
28
RUN
CDH
AOR
1122
O. 1.066
8.10
.12!
8I
o
!
I_. f,Jo(.j'l
t
0_
0
-.. 20
RUN 1123
ROR
M
RE
CL
CON
CM
-2.06
0.1.3
1.50
-.177
O. 0333
-.0120
V
V
_F
V
_k
i V i ' v
0.01_ 0.20" 0._0 O,S0"
v X/C
O,80 |l. O0
29
¢13
_
¢U
9
¢130
03
W
tr"
(Z
-¢
RUN 1.123
CON O. 0333
ROR --2.06
MRCHO. ! 24
g
OI
0
4.,00 8,00
POS ! T ! ON
I
12..00
I N RRKE
|
1.6.00
tim
20,01]"
30
, 0
=.
$'$,
Q
N_
N,
0
IZl
I
(..3 I
D
6
I
III a
0
C)
RUN ! [ 24
AOR -4.11
H 0,13
RE 1.50
CL -.359
CDH
CH -.0128
V
V
2O
A
• • | | 1 1
0.010 0,20 0.40 0,60" O,SO 1.00
v X/C
31
¢3
O
!
Ii/')
,I
N
I
I
N
'l
.,:.*.
i
b(n
t
_4
g
i
,I,,
RUN 1125
fiOtl -6. t3
tt 0._2
RE [. 4.8
CL -.507
C0_ 0. 0899
CH 0. OLS3
__'VW v
V
mlt_A
A
20
A
O, O0 O. 20 O. 40 O. SO
v X/C
O, eO ! .O0
32
i] RUN 1 !.25
COW O. 0899
R0R -6.13
'4c; MRCHO. 1.22
¢;-
(,F') *o
(1. c=
(Jr')
(D
LJlJ
n'-
(1_ (D
uJ_.
(2:
..,¢
t=
•g
C)
L
! .... t_ .... - .... ! -" |
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|
I
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33
" JL
0
o.
II'1.
Od,
!
==.
0
t/1
I
6.=
D
,=.,4
RUN ! ! 26
ROR
M
RE
CL
COW
CM
-8.10
O. t2
1.47
-,559
O. lt50
0.0479
v,W
v
V
V
20"
"t • .... . IO. 017 0', 20 0.40 O, _0 O, 80
v X/C
!1.0o
34
tO
"_ C3
i.-._ ...,
(£j I:::),
(/')
I.d
n"
(3[:
-e
O a
C_
=;-
C_
i
O0 4,, O0
1/
8. O0
PgS I T ] ON
12.00
I N WAKE
RUN 1.1.2.6
CD_r O. I 150
AOA -8. I0
MACHO. 121
w ',
1.6'.O0
I'.IN}
20. O'D"
I
_.4. O0
J..
35
¢3
C3
I
¢3
In
I
¢3
O
!
O
,ll
!
¢3
C3
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(,..} I
C3
U'l
f
O
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•=
O
O
N
i
RUN I149
AOR
M
RE-
CL
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4.12
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0.375
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X_' v V
2O
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-, w I "w
0. gO 0, 20 O. 40 0,60
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W
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W
1 • 00
!
36
urv
C_m
"'0
if)
(/.)co
(,r)
u.J
n,-
%,,-o
C_
.-¢
C_
0
c;
O, O0 11 •4 •O0 8, O0
POSITION
RUN I ! 49
4422
MRCHO, 12 2
V • "!
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O
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O
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!
O
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O
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I .00
• 38
_D
g.
0
,lip
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0
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0
u')
_/-)o
(j')
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C__
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0
e.
o
0
0
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_0 O'D
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1
11 'r'" | ' It"
4,DO 8,DO 12,.00 16,00
POSIT!ON IN NRKE (|N)
I
20,00
39
¢3
C)
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ROR 6.15
M 0.12
RE t.58
CL 0.529
COla O. 0798
CM 0.0021
C)
tn
0 |
%
i
'V • w m
O, $0 O, 60 O. 80 l • O0
40
m
W,rap
w-I
I--,I _,d
U-)o
U')
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(:Z
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¢3
0
°o"oo _. o:oo n2. oo _s, oo
IN NRKE (IN)POSITION
RUN ! 15t
ROR 6.15
MRCHO. 121
i
11
20.00 !24.00
41
0
0
I
0
I
0
0
I
0
o
f,,,i
I
0
0
(.3t
0
I/I
ea
I
0
0
oi
0
0
0
g.
u 2O
RUN 1152
FIOR
M
RE
CL
COH
CM
as
v
as
Ir
O. O0 0.20 0.40
X/C
42
1.0I
0,12
1,62
0,069
0,0289
-,0048
|
0.80 1-00
(D
ml"
m,4
G"
c;"
"-'C3
I),,,,,,_4 ,,
or)
u-)o
(j')
LLJ
rr-
's_'o
CE
.-¢
ql"
o
eq
o
rs/
o
e.
o
e_
_o:oo
|ii|
8,00
POS I T I ON
BUN !!52
89
MFICHO. 121
mmi .00  'e.o0 10.oo
IN HFIKE {IN)
|
24. O0
43
0
¢3
!
¢:}
Ul
I
0
0
t
¢:)
U't
O,-!
!
0
a..,.:.
f,J I
0
Zfl
o.
!
¢3
0
0
0
I/1
"l
0
¢}
¢3
RUN" 11.53
BOA
M
RE
CL
COw
CM
v_ vv_vv '@'vv
2O O. O0 IrO. 20
XiC
|
0.60
2.05
0.12
I .62
0.165
0.0309
O. 000"/
ir
O. BO
- 5± ---
_=i_ ==_
I ,00
44
B_
0
,d-
C_m
e,.4
"_ C)
I'--"I,,.4
U')
_:) ea
ft.)c)
(/')
LLJ
rr"
rl LO
£I:
--¢
ql-
C:)
e_
C)
o.
0
%'0o 8, O0
POSIT ION
RUN l 153
_309
_ ROR2. o5
MRCMO, 122
-l'z.oo (6.00
IN HAKE {IN)
_0 •O0
,;5
rl.
I'M.
IP_l.
I
O
I/1
,z,
f,,i
I
O
O
0..,,-;.
(.,)l
O
41 9
I
O
O
O
O
O
• i i
-.20
RUN [154
ROR
H
RE
CL
CON
CH
3.08
0.12
1.61
0.259
0.0344
0.0066
A
A
&
A_
Z_
,=,Wv'vvvv
v _=_-
V
&
o . oo o . 20 b, 40 d. so o. eo s . oo
XIC_ _ -__:-_-__
46
E
qP
Bm
O
B u
O
"" O
Ik,,,q t,d
(,/")
U,..)o
U')
I,.iJ
(Z:
0-ql o
O_
...¢
D4
O
RUN 1154
- 22
Bm
0
_,.oo ,,. o.oo _2.oo 16.o_ _o.oo
POSITION IN HRKE (IN)
4"7
gINJ
0
U'I
0,,'9 ,,a
t
(._tt
0
el
!
0
0
0
RUN T155"
A0FL
H
RE;
CL
CDH
CH
4,12
0,12
l .62
0.37!
0.04:35
0,0!67
- i
A
_ wVV VWV W V_
V .....
Oi
D
D
O
-.20
_V
•0.00 d. 40 o: 60
X/C
II
1.00
48
g_
o
G,"
,=;-
"" C}
fJ') ,,o
I1_ °
U')
bJ
Or}
tLJ
_o
O=
:x
g-
o
D
B_
RUN 1!55
• _,¢.I).B,,-@_4 3 5
2
_,oo i, oo la,oo Is.oo ao,oo
POSITION IN HRKE tiN}
I
24.00
49
°(1"1.
04,
¢3
!
I,"l,
!
==.
_,.. =-,o
¢_II!
0
Itt
I
0
0
m.
0
0
U'I
Om
0
0
0
m=
m
RUN i ! 56
ROR
H
RE
CL
COil
CH
"'=,-
0,1.2
t. 61
0..4-443
0. 056.7
0,0t89
V
V
A
_VVVVV W WV
V
2O
A
V
o: oo .0__:a=o _, 40 d, eo IT.80 I. O0
5O
=.
q.
0.=
0
• I
0
4.,,. 0
ll,.-q .,...
(jl") B.
i1..o
(j')
U')o
(j',)
b.J
C]E
0
o,
¢3
0
¢:)
.=
0 ,,, r
• O0
RUN_t 156
 s67.
22
...... i'2 _ ' bi.oo al.o0 .00 n .0o z .o0
POSiTiON |N NRKE (IN)
|
24.00
51
art.
=
IPb/.
0
ttl
g
!
¢3
0
_.,..;.
(.,.) !
0
Itl
Om
!
0
U'l
OI
0
0
0
B=
o
RUN 1157
ROR
M
RE
CL
COW
CM
6.15
0,12
1 ,.59
0,545
0.0887
-,0074
,%
...... --. _VVVV
V V
V
A
VV
V
z0 o.oo o',z0 0;40 6:so
X/C
!. O0
52
RUN 1157
CON O. _7
6.15
HRCHO. 122
_:) e.
(no
u')
e,,-
(3:
.T
0
OI
0
N
0
e9
0
°O.OO 12,00 16.00 20.00 24.00
POS ! T JON ] N NRKE I ] N]
53
=0
Ino
=
rd.
¢3
¢3
_m
O
In
!
O
O
t1 .,,...,,
(_t t
O
tO
I,
!
¢:)
¢3
=;-
O
O
e.
- 20
RUN 1 t 58
R0tl
M
RE
CL
CON
CM
7.12
0.12
1.56
0,556
0.1222
-.0333
v vvvvv
V
V
V V'qP'
AA
A
A
A
v
0"00 o'.z0 | I •O_ _ O. 60 O. eO 1". O0
X/C- -
54
RUN t.158
O, 1222
MRCHO. 121
_m_o
t_
ILl
G_
04
_o
OC
D_
o
O0 ;.oo el.,_'o "tz.oo
POSITION IN 14RKE
II 6 • O0 ' _0.00
(IN)
55
RUN 1159
_', ROR
(M,
0
!
D
o_
t
Q
(,,_!
0
e_
v
-, 20
8. 09
M 0.1_
RE ! .57
CL 0.St6
C0H
CM -.0534
AA
VVV V VV _V
o;oo d,=o o.,o o.eo d.eo
56
A_k
AA
VV_ _
1,0g
0'1.
0
U't
r;.
!
¢3
C:)
!
¢3
U'l
t,
!
(,,.) !
0
trt
!
g
0
0
In
c;"
¢3
0
RUN 11.60"
AOA
M
RE
CL
COW
CM
9,06
0,12
1,56
0,447
,0567
;_ VVVV_ VVV v
VV
AA
_A
vv
2O
• W w w
O, O0 O. 20 O. 40 O, 60
X/C
11 !
O. 80 I ,00
57
0
C)
!
0
In
!
0
0
I
0
u'l
I_1l i
I
(..)t
0
t/1
01
I
0
0
t_
0
0
¢:3
u 20
RUN 1161
_OR -. 02
M 0.12
RE I .61
CL -- 0._5
cow 0.029e
CM -.0084
v
m
=
|
=
=
v
X/C
w I !
O,BO O,BO 1,00
w
58
(o
m
Od
C_m
"'o
rJ3
03o
(/3
ILl
n"
O_
(D
w 0.
s¢-o
aE
.-¢
c;
cu
o
@,
o
° .00 --_-o0 #.= -i_-I_.00,_.0o
POSITION IN NRKE {IN]
RUN 1161
298
-,o2
MRCHO, 12 1
!
20,00
59
¢)
t
¢:3
1/1
I
¢:}
V1
o
I
0
0
0
Ul
el
I
0-
RUN ! 162
AOR
M
RE
CL
COW
CM
--I_06
0,12
I.60
-.II0
0.0323
-.0218
V
&
z_
VV Z_
V
V
2O
|
O.O0
!
I,o0
(D
fqm
0
4
"" 0
tO
03o
03
ILl
O._
bj°..
0
o_
0
Ok;
OE
-¢
o.
0
0
¢;-
RUN t 162
CDH O, 0323
OR -I .06CHO 121
• o0 6.00 l_,oo _,oo _b.oo
POSITION ]N NRKE {IN) 24,00
61
C_
¢:_
C_
If1
n;.
I
C_
O
!
O
I/J
!
(_) I
O
U'I
Om
I
oo
c;-
Ig
C)
O
O
B
-,20
RUN 1163
AON
M
RE
CL
CDI,I
CM
-2.09
0.12
1.6O
-.226
0.0366
-.0201
V
V
XSA
V
V
Zb,
Z_
0.00 • ¢t0.20 .40
X/C
I
1 • O0
62
=.
0
e,m
0
e_
0
"" C:)
I_=,,I ,,,_
(L o
U3
IJJ
(f')O
ILl
"r
ql-
0
o.
0
0
0
o.
o[
RUN ! i63
CDW O. 0366
-2.09
CHO. 120
r oo
_r
16.00 20,00
POSITION IN NRKE (]NI
!
24,00
63
C)
C)
I
(:3
If}
I
C)
0
!
C)
tn
eme.
I
0
(:3
0.._.
(.J t
C3
tn
Bm
!
C)-
_m
0
0
e_
1164
ROR -1,05
M 0,12
RE 1,62
CL -, 118
COH O. 031_9
CM -,0182
v
v
_0 • ' ' 0:e0 ' 'O, O0 O, 20 O, 40 O, 80 I, O0
" XlC
64
_m
i, m
C)
,--_ (::)
(jff) e.
0.. °
(,t')
(.r)_
O3
ILl
O_
_1," C)
(Z
..¢
qP
0
c;
¢:)
c;
RUN 1164
CDH 0.0319
A -I .05CHO 121
_u
I I ._Om|4 oo 6 oo 'lz ' '
• . 16.00 20.00
POSITIOH IN HRKE (IN]
65
RUN ! 166
0
0
i
0
in
i
0
0
i
0
U1
o
!
(..) !
0
0
0
B-
0
0
0
ROR -3,11
M 0,!2
RE 1.60
CL -,317
CO_ 0,0423
CM -,0205
V
v
V
2O
A
O, O0 20 O, 40 O, 60 O, BO 1 • O0
X/C
66
i,-I
it=
¢3
• I
¢:1
P-. ¢:)
I,.--,I ..,.=
(,/') It.
rtO
w
(/3
It°
U..)¢=
(./3
ILl
(E
(LI_
CE
.-¢
C)
(3
(M
RUN 1166
CON O. 0423
CH 20
,13.00 4.00 8.00 12.00 16.00 20.00
POSIT ION IN I,tRKE fIN)
1
24,00
67
0I
0
I/I
I
0
0
!
C)
brt
t
0
0
0-,2.
OI
o
M'I
o
c}
B_
0
0
0
m 2O
RUN 1167
ROR
M
RE
CL
CDW
CM
-4.14
0,12
1,60
-.383
0.0509
-.0252
v
v
v
A
OV • '.
•O0 O,20 O"40 O,60
X/C
I
O. O0
]
I •O0
68
"m
o
o"
41'4
o
"_'o
IP-.,I ,,.d
_,:;"
G'O
I.zJ
n,-
G"
0_
o
RUN ! 16'7
COIl O, 0509
_ ..mmR -4, 14
CHO. 120
n..| | ...4.00 e-'oo 1_:o0--- _.0o 2,_.oo
POSITION IN HAKE (IN)
1
24,00
69
RUN 1168
g
&
in
!
0
Ill
d,
i
0
I/1
I
(...) I
0
01
0
O
g
0
0
O1
"i
0
D
0
w,,,,I
!
ROA
M
RE
CL
CON
CM
-5.15
0.12
1,60
-.469
0.0645
-.0154
V V
,q;,
V
V
V V
_V
2O
A
"lo.oo 0:.2o u_'4o " 'O, 60 O, 80
X/C
!
I,00
7O
w
=.
el
O
e I
¢3
_"*C3
I...4g._
¢f)
(t3o
C/)
LIJ
C_.
O-w
(Z
,-¢
0
¢3
OI
C3
°o, oo
RUN t t68
COH O, 0645
ROR -5. ! 5
118
O.
=' - " i 'i i I
4,00 8.00 12,00 16,00 20,00
PO$ITION !N _IRKE (IN}
7].
O
O
|
IV,
e.
0
UI
glm_,
I
O|
0
U1
!
RUN" 1..t,_9.
R0R -6. t2
M 0.12
RE 1..59
CL -.523
C0N O. 0945
CM 0. 0207
V
v
vv
0. 1 ,¢_ .
°1 -z-f
A
O
O
m 20 O, O0 O, EO O, 40 O, 60 O. 80 l • O0
X/C
?2
ID
w,d
i1 RUN t t69
COlA O. 0945
OR -6, t2
H 18
OI
o
I
t
"--" 0
w
,t
o
o
o
Om
o
o b.oo _,:oo e:oo _.oo le.oo 20.00
POSITION IN NRKE (IN)
73
RUN L I'70'
• , ,qoFL
iN,
N,
O
In
W'_.
!
U I
O
In
OI
!
-7,10
M 0.12
RE t • 57
CL -, 497
CDH 0, 1140
CM 0.0382
,;p,
V
Om
O
0
0
oJ
,., -r
-. _o o.oo d.zo _.,o ....6._
×/C
V
| 1
0,8o ! ,00
74
#Q
o
qP
a
.'Z'
01
0
I,-,i 4,_
(/1
I.iJ
¢C
_L
(Z
--e
0
°O O0
_'i00- - _. 0o
POSITION
2.00
I N HAKE
RUN 1171
CON O. 1428
ROll -8.06
HRCHO.
I' _ h
20, O0
75
zRUN l 171
O
I"q,
!
(.J!
D
U'l
I
e O. 1,.2
RE ! .56
CL _. _1_12
CDI4 O, _14"28
CH 0.05"t0
AAAAA
&
,O
X/C
d, 80
76
0%
?
tPdl,
O
In
I
o
o
D
in
!
D
D
4P :
o
ea
¢3
Q
Q
e_
,sine
V
v|
20 0.00
RUN 1172
A0A 6.15
H 0.1E
RE 1,55
CL 0.517
CON 0.0000
CH 0.0080
A
,_AA
V
I .... t' : r ..... l •
0.20 0.40 0, 60 0, 80 I • 00
X/C
"77
RUN 1173
COW O. 0290
ROR -. 01
MRCHO. ! 20
_m
qlOI
Q
4. O0 8.00 12.00
POSJT.ION IN HAKE
| | '
16.,00 20.00
{IN)
78
e
lel.
0
In
!
g
D
in
!
UI
o
o
o
4-
o
0
Q_
w
RUN 11"/3
t:lOll
H
RE
CL
CDH
CH
-.01
0.12
1.5"7
-.016
0.0290
-. 0092
&
v,,
V
2O O. O0 O. 20 | •O. 4O 0.60
×/C
1 |O. Oo 1. o0
79
RUN 1174
ROA ! • 01
I
N.
!
D
U'b
O'q,
!
U I
O
!
0
O
0
¢;-
14 0.12
0
0
-.20
RE 1.58
CL 0.070
COil O. 0286
CH -.0045
&
A _-,Jhemae_
v _F vvvvv__,
V
V
u i I
O.013 O. 20 O. 40 O. 60
X/C
I |
O. 80 l. o0
m
8O
RUN ! 17g
8
AOA
H
RE
6.15
0.12
1.60
CL 0.510
N
' CDI4 0.0765
CH 0. 0070
O
O
ir._l
V' V'
A&&
0.00
'Z , ,i 11' " •
O. 20 O. 40 O. 60
X/C O.80 1.00
81
]r',l:_
I)_11 t,,e
(11"
_.o"!
(/1
bJ
_C
0.- W
(3:
:X
RUN 1176
CDH 0.0546
I:IOA S.iS
o
I - 11 m
nn J.nn 8.00 ]2.00 )_.00 20.00
"'' " -- POSITIOH IN
82
II
24.00
RUN t178
S
m AOA
N,
!
0
!
0
Q
Q_
o
_.}l
01
0
5.15
H O. 12
RE 1.58
CL 0.454
coH o.os46
CH 0.0190
A
V
A v
O
°IP-
- • 20 0. O0 O, 20 O, 40 0,60 O. OO 1. O0
•" XIC
83
i RUN 1177
CliO. 122 "
_o
O. oi./
,H
hJ
01 m
IZ
X
(I,1
o
Ou
o
- i:
8,00 12.00 16.00 ;?0.00
POSIT!ON IN NRKE {IN]
|
°o'.oo 4.oo
84
2_.oo
_a
0
Q
N
I
g
N,
0
fq,e
!
(.)1
0
o
o
Oi
o
o
o
e_
m
RUN
AOA
H
RE
CL
COH
CH
4.11
0.12
1 .S?
0.351
0.0419
0.0135
A
A
A
A
V VVVV_,V V VVV
V
Zb,A
&
2o
V
V
o. O0 • |o, ao o'.4o o.6o
X/C
_,1 , m
o,oo _'oo
85
c;"
0,
0
_"0
W
flUN 1176
,._ .m..--,C014O. 0352[---' _'_ s.os
CHO, ! 22
%_.oo_ 4"o0 8'.0o i'2,oo 1_.oo _o.oo 2,.oo
POSITION IN HgKE (IN)
w
86
e IO
#11
O
Im,I .,.e
El I
O
__.c;"
w
(/')
la,.IwlO
(/')O/
(/')
W
Q-_IO
_m
#i
0
o
o
e,..
(Z:
.00
RUN 1170
CON O. 1140
ROR -7.10
III JI I I I t,, I •
,Io0- i.o0 I_,.o0 i' _ '
' 6. O0 20. O0
POS l T 1ON IH Hl::il_[ (J N)
11
24.00
87_..-

c;"
"l
O
"" 0
I."ql f,_
W
W
Di
a
Oi
0
o
o,
O0
|
4.00 B.O0
POSITION
!
RUN 1174
COH O. 0286
OA 1.01
ACHO, ! 21
] I : --" II|2.00 15.00 20.00
,IN HAKE (IN) 24.00
J!
e
tel
4_
e
N
O
k'_
ins
!
O
VI
IP,
!
it.j) i
o
o
e-
O
e/
O
O
¢)
lira 2O
RUN 1 !75
R0R
H
RE
CL
CDN
CH
2.05
0.12
1.56
0.173
0.0308
0.0025
Zb
v _A
_,_,_,VV_TV V VV
_V
V
O. O0 0.20 0.40
X/C
|O. 80
8B
1
I .00
• o I
o
,G"
Ib,-li e_
(/1
bJ
-T
0_
o
OI
o
RUN 1175
COg O. 0308
' - H_IR 2.05
HRCHO. ! 21
t. O0 8. O0 ! 2. O0 ] O0 20. O0
POS l T l ON I N HAKE [IN]
89
!
F
RUN 1176 -,
8
gt
!
iV.
I
tm8,
t
8
0.. e-,°
01
0
0
Q
c;"
0
0
0
emqk
ROR
H
R(
CL
COJ_
CH
S.09
0.!2
1.56
0.291
0.0352
0.0084
&
&
&
V V
g I
V
20 0.oo o._o o.4o _,_o o.eo _,oo
XIC
9O
!
i
!
m
ted
1we
IP,
o
IM
u
*"o
II,ml m4
w
tn
(_-.o
u')
bJ
0:;
(LII p
(£;
:Z
T,
IBI
o
I1' a
D
RUN 1179
COl4 5
6.15
NI:iCHO• 12 |
':;o_Oo 4:00 e'.oo jS.oo ]_.oo 2b.oO :,,D.oo
POS l T l OH ] H HI::IKE (! N)
=_.
Om
0
11,,,4a,,,=_
W
I,,a.J
0... m
tu°,.
:Z
o a
0
em
0
0
0.
o0 F O0 114. O0
RUN 1180
COg O. 1054
I$
HACHO. ! 20
!! --
e. oo ........ )_a_;oo !"6.oo
POS|TIOH IN HAK( (IN)-
92
2_.o0
.. °_
/+
II
RUN t tSO
AOA
H
RE;
CL
COX
CH
?.19
0.12
t.S?
o.ssl.
O. ] 054
-. 0229
_._Vvvv v vv
A& A
A
.40 0. SO
X/C
7O. 80 ] • OC
93
RUN 1101 ..
nOR 8.10
P,,
0
VI
!
In
IDel
!
0
0
BI
0
0
0
,e,=¢ _
am
H O.12
RE 1 • S?
CL 0.516
COX
CH -. 0379
V
V
20
-11O.O0 o.m 0';40
X/C
AAAA
A&
VV VV_
• 6o o. 8o
94
1',oo
RUN 1162
N
O
O
f_lt
0
01
I
gl
O
e_
o
o
o
0
m
H
RE
CL
COH
CH
9.05
0.12
1.54
0.446
-. 0639
AAAA
V
V v
VWVVW V' WV
V
2O
V
A
'V
A
0.00
W
0.20
|
0.40
X/C
f
0,60 O. O0
11
1.00
95
ir_.
RUN 1184
1:10/1 -. 0 !
H 0.12
RE 1 .S9
CL O. 008
COil 0. 0288
CH -. 0069
D
In
Ip
O
O
(1..
(.jI
O
In
O
O
O
in
A
V
o
-. 20
,&,
O. 00 O. 20 O, 40 O, 60
X/C
O, O0 i1 • O0
96 --
OI
0
"_0
_c;"
I/1
iO_-.o
I.aJ
0::
a-, W
em
0
Oe
o
.T
RUN 1184
CDH O. 0288
.__ __, -.ol
HFICHO. | 21
O0 4.00 8.00 12.00 ]6.00 20.00
POS l T l ON ] N NFIKE (I N}
g7
m-
8
8
(,..1) I
RUN ties
R0R -!.03
N 0.12
RE" I • 60
CL - • 083
C011 0.03 ! 3
CM -. 0089
&
o/ A'_'
"-, 20 o, oo o, 20 o, 40 o. SO 0".80
., X/C ) • O0
98
ie;-
r',.O
,,=
O:
,-z.
(1',_
0
Oq
0
0
O,
"--J .
0
O, O0
RUN 1 !85
CON 0.0313
R -I .03CliO t 20
• v .... • -_ •
4,00 8.00 12.00 16.00 20,00
I_OSIT]ON IN NRKE fiN]
11
24.00
99
r
lu'_°
O
U'I
!
V
RUN 1186
FIOFI
H
RE
CL
CDH
CPI
-2.07
0.12
i .61
-. 174
-.0185
III
0
0
0
- 20
,IT ,
V
i00
0.00 O. 20 O, 40 O, 60 O. BO I'.00
- X/C
z==.
¢_11.
8.
(PC.
O
eml,
I
(,,.) !
O
Qg
!
Q
O
B_
O
D
ii
==jB
m
RUN 1187
R0R
H
RE
CL
COH
CH
V
V
Z_
V
V
2o
!O. O0
| I !
0,20 O. 40 D.60
X/C
-2.07
0.12
1.61
0.0380
A
vOA
g I
o. 8O 1 • o0
i01
=;-
0==
O
'L'.
0 m
0
"" 0
I#,",1 _jml
w
(rj,,)o
(LID
-,e.
el
0
,j-
RUN 1187
C01,,I O. 0380
.fF,,.,..-.,,-_ R -2.07
/- MRCHO. 120
/
O0 1- -- .... : ...... I I •4.00 8 00 t2.00 iS.00 20.00
,POSI T I ON I N NRKE' fIN)
II
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APPENDIX A:
LEWICE GENERATED ICE SHAPE DATA
3O9
TABLE A-1 NACA 0012 WITH LEWICE GENERATED
ICE SHAPE
No. Xupper Yupper Xlower Ylower
1 -0.0397258 0.0209887 -0.0397258 0.0209887
2 -0.0395021 0.0219327 -0.0394368 0.0187739
3 -0.0392784 0.0228768 -0.0391477 0.0165590
4 -0.0371860 0.0264358 -0.0384261 0.0144708
5 -0.0361336 0.0281729 -0.0377044 0.0123827
6 -0.0349663 0.0297330 -0.0370520 0.0118487
7 -0.0337991 0.0312931 -010363997 0.0113148
8 -0.0318727 0.0327903 -0.0358748 0.0109145
9 -0.0299463 0.0342875 -0.0353499 0.0105142
10 -0.0260944 0.0362561 -0.0353385 0.0107334
11 -0.0243584 0.0366475 -0.0354435 0.0109035
12 -0.0226224 0.0370390 -0.0350549 0.0104569
13 -0.0210185 0.0361053 -0.0346663 0.0100104
14 -0.0194146 0.0351717 -0.0342506 0.0097410
15 -0.0176209 0.0332288 -0.0338380 0.0094130
16 -0.0158271 0.0312859 -0.0331251 0.0085507
17 -0.0132960 0.0296543 -0.0326558 0.0080585
18 -0.0113360 0.0302507 -0.0321865 0.0075664
19 -0.0093761 0.0308472 -0.0318099 0.0075295
20 -0.0084920 0.0294908 -0.0318234 0.0075901
21 -0.0076084 0.0281344 -0.0313443 0.0067959
22 -0.0067246 0.0267780 -0.0311566 0.0065360
23 -0.0058408 0.0254216 -0.0309690 0.0062762
24 -0.0012267 0.0205534 -0.0306249 0.0058211
25 0.0027277 0.0202355 -0.0364601 0.0056235
26 0.0058190 0.0192381 -0.0302954 0.0054260
27 0.0084181 0.0190704 -0.0300480 0.0051661
28 0.0150000 0.0207970 -0.0297849 0.0048846
29 0.0200000 0.0237260 -0.0294323 0.0045890
30 0.0250000 0.0262300 -0.0290796 0.0042935
31 0.0300000 0.0284620 -0.0288989 0.0040803
310
TABLE A-1 (Cont.)
No. Xupper Yupper Xlower Ylower
32 0.0350000 0.0304960 -0.0287181 0.0038671
33 0.0400000 0.0323620 -0.0278992 0.0036483
34 0.0450000 0.0340820 -0.0270803 0.0034296
35 0.0500000 0.0356740 -0.0274596 0.0032822
36 0.0600000 0.0385350 -0.0278388 0.0031348
37 0.0699999 0.0410380 -0.0273462 0.0025971
38 0.0799999 0.0432520 -0.0268727 0.0021552
39 0.0899999 0.0452280 -0.0263840 0.0017444
40 0.0999998 0.0470040 -0.0260379 0.0014901
41 0.1249999 0.0507320 -0.0258168 0.0012597
42 0.1499999 0.0536360 -0.0253123 0.0008046
43 0.1749998 0.0558790 -0.0248285 0.0004446
44 0.1999999 0.0575700 -0.0245602 0.0002429
45 0.2249998 0.0587940 -0.0242336 -0.0000399
46 0.2499999 0.0596120 -0.0237143 -0.0004378
47 0.2749999 0.0600760 -0.0228825 -0.0009938
48 0.2999998 0.0602260 -0.0222731 -0.0013331
49 0.3249999 0.0600940 -0.0214813 -0.0019043
50 0.3499998 0.0597070 -0.0209003 -0.0022729
51 0.3749999 0.0590900 -0.0200925 -0.0026773
52 0.3999999 0.0582620 -0.0192844 -0.0029136
53 0.4249998 0.0572430 -0.0187588 -0.0031224
54 0.4499999 0.0560510 -0.0187727 -0.0034259
55 0.4749998 0.0546980 -0.0167400 -0.0044982
56 0.4999999 0.0531980 -0.0151551 -0.0057894
57 0.5249999 0.0515600 -0.0135177 -0.0075600
58 0.5499999 0.0497930 -0.0128491 -0.0081216
59 0.5749999 0.0479060 -0.0122501 -0.0085348
60 0.5999998 0.0459040 -0.0116415 -0.0088872
61 0.6249999 0.0437950 -0.0114056 -0.0090624
62 0.6499999 0.0415850 -0.0113411 -0.0091992
63 0.6749999 0.0392810 -0.0108557 -0.0096547
64 0.6999999 0.0368870 -0.0104663 -0.0100318
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TABLE A-1 (Cont.)
No.
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
Xupper
0.7249998
0.7499999
0.7749999
0.7999999
0.8249999
0.8499998
0.8749999
0.8999999
0.9249999
0.9499999
0.9699998
0.9799999
0.9899997
1.0000000
88
89
9O
91
92
94
96
97
Yupper
0.0344110
0.0318550
0.0292210
0.0265150
0.0237390
0.0208880
0.0179530
0.0149080
0.0117000
0.0082510
0.0052390
0.0036110
0.0018740
0.0000000
Xlower
-0.0102387
-0.0100506
-0.0097993
-0.0095997
-0.0094684
-0.0093277
-0.0088601
-0.0085053
-0.0080397
-O.0071573
-0.0067184
-0.0065683
-0.0066512
-0.0067529
-0.0056217
-0.0050705
-0.0039896
-0.0032762
-0.0024487
0.0031550
0.0096623
0.0163364
0.0225710
0.0282904
0.0343906
0.0410188
0.0470315
0.0578462
0.0793683
0,0898905
0:0 8
0.1249999
Ylower
-0.0102853
-0.0105385
-0.0108486
-0.0111196
-0.0113200
-0.0115877
-0.0121522
-0.0125218
-0.0130707
-0.0138387
-0.0142036
-0.0144199
-0.0143157
-O.0146004
-0.0170565
-0.0189836
-0.0227000
-0.0251463
-0.0282429
-O.0357178
-0.0410241
-0.0445028
-0.0467179
-0.0487042
-O.O5O6315
-0.0502881
-0.0477098
-0.0466736
-0.0471658
-0.0467616
-0.0457813
-0.04_N_0
-0.0507320
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TABLE A-1 (Cont.)
No. Xupper
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
Yupper Xlower
0.1499999
0.1749998
0.1999999
0.2249998
0.2499999
0.2749999
0.2999998
0.3249999
0.3499998
0.3749999
0.3999999
0.4249998
0.4499999
0A749998
0A999999
0.5249999
0.5499999
0.5749999
0.5999998
0.6249999
0.6400000
0.6740000
0.6000000
0.7249998
0.7499999
0.7749999
0.7999999
0.8249999
0.8499998
0.8749999
0.8999999
0.9249999
0.9499999
Ylower
-0.0536360
-0.0558790
-0.0575700
-0.0587940
-0.0596120
_).0600760
-0.0602260
-0.0600940
-0.0597070
-0.0590900
-0.0582620
-0.0572430
-0.0560510
-0.0546980
-0.0531980
-0.0515600
-0.0497930
-0.047906O
-0.0459040
-0.0437950
-0.0415850
-0.0392810
-0.0368870
-0.0344110
-0.0318550
-0.0292210
-0.0265150
-0.0237390
-0.0208880
-0.0179530
-0.0149080
-0.0117000
-0.0082510
313
TABLE A-1 (Cont.)
No°
131
132
133
134
Xupper Yupper Xlower Ylower
0.9699998 -0.0052390
0.9799999 -0.0036110
0.9899998 -0.0018740
1.0OO0000 0.OOOOOO0
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NACA 0012 MODEL - LEWICE GENERATED ICE SHAPE
RUN au a Clu CI Cdu Cd Cmu
(deg) (deg)
Cm MACH Re
x10-6
1714 0.00 -0.01 -0.023 -0.022 ..................
1715 0.00 -0.01 -0.029 -0.028 0.0227 0.0221 -.0007
1716 1.00 1.03 0.087 0.083 0.0238 0.0232 0.0061
1717 2.00 2.07 0.200 0.191 0.0262 0.0255 0.0136
1718 3.00 3.11 0.304 0.289 0.0311 0.0302 0.0203
1719 4.00 4.15 0.425 0.403 0.0414 0.0402 0.0275
1720 5.00 5.18 0.530 0.501 0.0552 0.0534 0.0323
1721 5.00 5.18 0.530 0.501 0.0544 0.0527 0.0298
1722 6.00 6.19 0.604 0.569 0.0781 0.0752 0.0231
1723 7.00 7.17 0.659 0.616 0.1100 0.1053 -.0097
1724 7.00 7.17 0.671 0.626 0.1176 0.1124 -.0090
1725 8.00 8.13 0.653 0.606 0.1453 0.1381 -.0444
1726 9.00 9.11 0.635 0.587 0.1602 0.1518 -.0583
1727 10.00 10.11 0.650 0.598 0.1852 0.1747 -.0657
1728 8.00 8.16 0.687 0.638 0.1385 0.1318 -.0299
1729 6.00 6.19 0.601 0.566 0.0728 0.0702 0.0235
1730 0.00 -0.01 -0.026 -0.025 0.0215 0.0209 0.0007
1731 -1.00 -1.04 -0.135 -0.128 0.0236 0.0230 -.0057
1732 -2.00 -2.07 -0.229 -0.217 0.0248 0.0241 -.0084
1733 -3.00 -3.11 -0.350 -0.333 0.0267 0.0260 -.0123
1734 -4.00 -4.15 -0.472 -0.449 0.0252 0.0245 -.0164
1735 -5.00 -5.19 -0.590 -0.561 0.0275 0,0268 -.0230
1736 -6.00 -6.21 -0.681 -0:647 0.0300 0.0292 -.0241
1737 -7.00 -7.25 -0.794 -0.754 0.0339 0.0329 -.0266
1738 -8.00 -8.27 -0.870 -0.825 0.0401 0.0389 -.0290
1739 -9.00 -9.29 -0.957 -0.906 0.0501 0.0485 -.0301
1740 -10.00 -10.31 -1.019 -0.962 0.0628 0.0607 -.0291
1741 -8.00 -8.27 -0.876 -0.830 0.0404 0.0392 -.0290
1742 -6.00 -6.21 -0.683 -0.649 0.0287 0.0279 -.0235
1743 -4.00 -4.14 -0.462 -0.439 0.0250 0,0243 -.0166
1744 -2.00 -2.08 -0.245 -0.233 0.0227 0.0221 -.0083
1745 -2.00 -2.07 -0.236 -0.225 0.0244 0.0238 -.0081
0.0002 0.132 1.622
-.0009 0.132 1.624
0.0066 0.132 1.625
0.0148 0.132 1.616
0.0221 0.131 1.604
0.0299 0.131 1.608
0.0353 0.129 1.591
0.0328 0.131 1.605
0.0267 0.129 1.589
-.0047 0.129 1.583
-.0040 0.128 1.592
-.0380 0.127 1.587
-.0513 0.126 1.566
-.0579 0.126 1.566
-.0239 0.126 !.577
0.0271 0.130 1.614
0.0005 0.131 1.636
-.0066 0.132 1.650
-.0099 0.131 1.630
-.0146 0.132 1.637
-.0194 0.133 1.650
-.0267 0.132 1.638
-.0285 0.132 1.635
-.0317 0.132 1.636
-.0345 0.132 1.636
-.0362 0.131 1.628
-.0355 0.131 1.628
-.0346 0.131 1.624
-.0279 0.132 1.642
-.0196 0.131 1.630
-.0099 0.132 1.641
-.0096 0.132 1.636
NACA 0012 MODEL - LEWICE GENERATED ICE SHAPE, 36 GRIT ROUGHNESS
RUN au a Cl u C1 Cdu Cd Cm u Cm MACH Re
(deg) (deg) xl0 -6
1746 -2.34 -2.43 -0.289 -0.275 0.0306 0.0298 -.0129 -.0147 0.131 1.609
1747 -1.34 -1.40 -0.176 -0.167 0.0267 0.0260 -.0078 -.0089 0.130 1.594
1748 -0.34 -0.36 -0.071 -0.068 0.0263 0.0256 -.0021 -.0026 0.132 1.622
1749 0.66 0.67 0.035 0.034 0.0265 0.0258 0.0035 0.0037 0.131 1.608
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NACA 0012 MODEL - LEWICE GENERATED ICE SHAPE, 36 GRIT ROUGHNESS
RUN au a Clu Cl Cdu Cd Cmu Cm MACH Re
(deg) (deg) x10-6
1750 1.66 1.72 0.157 0.149 0.0282 0.0274 0.0112 0.0121 0.131 1.610
1751 2.66 2.76 0.278 0.264 0.0316 0.0307 0.0188 0.0204 0.131 1.603
1752 3.66 3.79 0.371 0.352 0.0373 0.0362 0.0253 0.0274 0.132 1.615
1753 4.66 4.83 0.474 0.449 0.0454 0.0440 0.0331 0.0357 0.131 1.603
1754 5.66 5.85 0.569 0.536 0.0646 0.0624 0.0320 0.0352 0.130 1.596
1755 6.66 6.84 0.626 0.586 0.1015 0.0973 0.0043 0.0085 0.129 1.582
1756 7.66 7.80 0.638 0.594 0.1268 0.1210 -.0281 -.0226 0.128 1.572
1757 8.66 8.77 0.604 0.559 0.1511 0.1435 -.0512 -.0448 0.126 1.548
1758 9.66 9.75 0.547 0.505 0.1701 0.1609 -.0542 -.0479 0.126 1.544
1759 10.66 10.74 0.512 0.470 0.1936 0.1823 -.0560 -.0496 0.125 1.531
1760 9.66 9.75 0.530 0.489 0.1702 0.1610 -.0529 -.0468 0.126 1.568
1761 7.66 7.80 0.637 0.594 0.1235 0.1179 -.0295 -.0239 0.128 1.592
1762 5.66 5.85 0.558 0.526 0.0657 0.0635 0.0327 0.0358 0.131 1.625
1763 3.66 3.79 0.380 0.360 0.0373 0.0362 0.0262 0.0283 0.131 1.630
1764 1.66 1.72 0.160 0.152 0.0286 0.0278 0.0106 0.0115 0.132 1.645
1765 -0.34 -0.36 -0.070 -0.067 0.0256 0.0249 -.0032 -.0036 0.132 1.644
:i766 -2.34 '2.43 -0.288 -0:273 0.0303 0:_ -.0129 -.0147 0.132 i.643
1767 -2.34 -2.43 -0.279 -0.265 0.0314 0.0305 -.0086 -.0104 0.128 1.505
1768 -2.34 -2.43 -0.298 -0.283 0.0303 0.0295 -.0113 -.0132 0.128 1.512
1769 -3.34 -3.47 -0.406 -0.385 0.0367 0.0357 -.0160 -.0185 0.127 1.504
1770 -4.34 -4.50 -0.496 -0.470 0.0428 0.0415 -.0202 -.0233 0.127 1.503
1771 -5.34 -5.52 -0.570 -0.539 0.0531 0.0514 -.0233 -.0268 0.126 1.483
1772 -6.34 -6.53 -0.634 -0.597 0.0723 0.0697 -.0162 -.0202 0.125 1.479
1773 -7.34 -7.49 -0.660 -0.617 0.1108 0.1061 0.0260 0.0205 0.124 1.468
1774 -7.34 -7.50 -0.666 -0.621 0.1174 0.1122 0.0237 0.0182 0.126 1.483
1775 -8.34 -8.46 -0.639 -0.594 0.1401 0.1333 0.0474 0.0410 0.123 1.455
1776 -9.34 -9.43 -0.561 -0.519 0.1559 0.1479 0.0610 0.0544 0.123 1.462
1777 -7.34 -7.49 -0.659 -0.615 0.1161 0.1110 0.0230 0.0176 0.124 1.478
1778 -5.34 -5.52 -0.571 -0.540 0.0510 0.0494 -.0235 -.0270 0.127 1.519
1779 -3,34 -3.47 -0.389 -0.370 0.0345 0.0335 -.0170 -.0194 0.127 1.513
1780 -2.34 -2.43 -0.297 -0.282 0.0318 0.0309 -.0115 -.0134 0.128 1.531
1781 -3.34 -3.46 -0.386 -0.366 0.0352 0.0342 -.0176 -.0200 0.128 1.520
NACA 0012 MODEL - LEWICE GENERATED ICE SHAPE
RUN au a Clu Cl Cdu Cd Cmu Cm MACH Re
(deg) (deg) xl0 -6
1782 -10.00 -10.31 -1.012 -0.956 0.0611 0.0591 -.0319 -.0382 0.128 1.559
1783 -11.00 -11.30 -1.012 -0.952 0.0795 0.0766 -.0202 -.0267 0.127 1.551
1784 -12.00 -12.29 -1.094 -1.026 0.0962 0.0924 0.0104 0.0024 0.125 1.523
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NACA 0012 MODEL- LEWICE GENERATED ICE SHAPE
RUN au a Clu Cl Cdu Cd Cmu
(deg) (deg)
Cm MACH Re
x10-6
1785 -12.00 -12.29 -1.092
1786 -13.00 -13.23 -1.021
1787 -14.00 -14.21 -1.022
1788 -12.00 -12.29 -1.090
1789 -11.00 -11.32 -1.080
1790 -11.00 -11.32 -1.079
-1.015 0.1364 0.1299
-0.944 0.1634 0.1548
-0.939 0.1948 0.1834
-1.014 0.1328 0.1266
-1.032 ............
-1.014 0.0824 0.0793
0.0101 0.0021 0.127 1.544
0.0415 0.0325 0.124 1.506
0.0676 0.0571 0.122 1.489
0.0052 -.0026 0.125 1.526
-.0272 -.0345 0.129 1.568
-.0266 -.0334 0.127 1.551
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RE 001.63
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V
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V V
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V
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V
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AA AAAA A . _ _A_ A
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V
V
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V
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A
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M
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-02.08
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0.0221
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I .., I !
0.8 1.0
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0
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I
AOA
M
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V
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CM 0.01 21
I
0.4
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RE 001.64
CL -0.067
CDW 0.0249
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O
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V
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4_
0.0
RUN 1 770
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RE 001.50
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..... ................................ A A_ V
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V
V
V
V
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V V V
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I I ,i I
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0.6
x/c
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M
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V V
A A
-05.52
000.1 3
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-.0268
I I I
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V
V
v
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A
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x/c
I
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RE 001.48
CL -0.597
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CM -.0202
? V
V
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I
0.8
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1.0
O
I'O
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I
O
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I
I
O
I
O
o
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O
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V
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V
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&
A
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RUN 1 775
AOA -07.49
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RE 001.4-7
CL -0.61 7
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CM 0.0205
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V
q
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AAAAAA_
I i I I I
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v
v
V
V
V
v
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&
A
I .'. =_!,. L .... | .... | I_
0.0 0.2 0.4 0.6
x/c
AOA -07.50
M 000.1 3
RE 001.48
CL -0.621
CDW 0.11 22
CM 0.01 82
V
v
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O.B 1 .o
3/8
Vv
A
i A I
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RUN 1775
AOA
M
RE
CL
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-08.46
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001.46
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v
v v
v V
v
v
V V
A A
, I i I ,1 I
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x/c
I
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O
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I
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I
O
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V
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V VV
V V 'q _?V
A
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RE 001.46
CL -0.51 9
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CM 0.0544
A
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0.O 0.2
A A
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x/c
,1 _ 1 J I
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RUN 1777
V
AOA -07.49
M 000.1 2
RE 001.48
CL -0.61 5
CDW 0.111 0
CM 0.0176
0
d
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V
V
0.4
x/c
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I
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1
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I
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V
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(:;L _0.54b
CDW 0.0494
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M
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V V
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001.51
-0.370
0.0335
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x/c
I ...... I I _ I
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RUN I 780
A0A -02.43
M 000.1 3
RE 001.53
CL -0.282
CDW 0.0309
CM -.01 .34
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V
V
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A
V
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V V V
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0.0
, J:, .,.,. , I , ] I _ .1 1.,r t,
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x/c
1.0
84
RUN 1 781
AOA
M
RE
CL
CDW
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-03.46
000.1 3
001.52
-0.366
0.0342
- .0200
I
I
A
AAAAA
A
0.0
x/c
I
0.6
I
0.8
| I
1.0
385
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O
O
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t
O
,,,,.:
I
i.O
I
O
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V
V V
A
A
A
V
V
V
V
V
V
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V
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f
• ..A1__. 1 l * I
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x/c
AOA
M
RE
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V V
A
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-1 0.31
000.1,3
001.56
-0.956
0.0591
-.0582
V V _
A A A A ,'_A_
0.8 1.0
0I
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I
V
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AOA
M
RE
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CDW
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r._)
V
A
v
A
V
V
A
V
V
V
V
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V
V V
V
A
V
A A
x/c
I
1.0
387
IJ
I,E3
t
O
I
uO
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I
o
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I
cq
I
O. °
I
O
I
CDi
I
o
O
L.O
,5
O
"-" I
-0.2
RUN 1 78.4
V
V
A0A -1 2.29
M 000.1 3
RE Q01.52
CL -1.026
COW 0.0924-
CM 0.0024
V
_7
A
V
V
V
V v
V
V
V VV
x/c
I
1.0
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"d-
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O
I'O
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I
O
I
O
I
O
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O
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V
v
V
V
V
A V
V
V
V
V
V
V
A
V V V
I
0.0 0.2 0.4-
AAAA A
I
0.6
x/c
AOA -1 2.29
M 000.1 3
RE 001.54-
CL -1.01 5
CDW 0.1 299
CM 0.0021
V
V
A A
l I i I
0.8 1.0
389
OI
I.l'3
I'O
I
O
,4
I
,.-,,i:
I
O
I
O
I
O
O
v
V
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A
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RUN 1-786
AOA --i 75.2:5
M bb0:I:2
RE 001:5=1
CL -0.944
bbW 0.1 548
CM 0.0525
_G V
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....... ^A AA
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x/c
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A V
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I
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M
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V
A A
V V VV_x
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V
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CM -.0026
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J.. , ....... l .... , ..... ; I
0.6 0.B I .0
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000.1 3
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APPENDIX B:
NUMERICAL DATA
395
IBM compatible disks, 3 1/2 (1.44 MB) or 5 1/4 (1.2 MB), are available upon
request, with the numerical data contained in this report. The data are contained
on two disks, in several files, in the format given on the following pages. The
contents of the disks are:
Disk No. File Name Contents
1 DATAI.DAT
1 DATA2.DAT
1 DATA3.DAT
1 DATA4.DAT
1 DATAS.DAT
1 DATA6.DAT
1 DATA7.DAT
1 DATA8.DAT
Runs 1118-1!26
Runs 1149-1164,1166-1171
Runs 1172-1182,1184-1193
Runs 1218-1238,1240-1250
Runs 1251-1261,1263-1272,
1276-1287
Runs 1288-1313
Runs 1344,1346-1287
Runs 1850,1852,1856,1858-
1860,1862-1870,1872-
1874,1876,1879-1881,1885-
1888
2 DATA9.DAT
2 DATA10.DAT
2 DATA 11.DAT
2 DATA12,DAT
2 DATA13.DAT
2 DATA14.DAT
Runs 1892-1995,1897,1899-
1913
Runs 1915-1917,1925-
1942,1944,1946-1955
Runs 1714-1734
Runs 1735-1754
Runs 1755-1774
Runs 1775-1790
2 DATAFILE.HLP List of formats for data
files
2 TAB .ALL Run Summary Tables
2 0012 COOR.DAT NACA 0012 Airfoil
Coordinates
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THE REDUCED TUNNEL DATA FOR THE NACA 0012 RUNS LISTED IN THE
ABOVE TABLES IS PRESENTED BELOW IN THE FOLLOWING FORMAT:
LINE 1 IRUN (I4) RUN NUMBER
LINE 2 ICP,IW,IP,IS (411) FOR WHICH A VALUE OF 0
DENOTES THE ABSENCE OF AND 1
DENOTES THE PRESENCE OF CP
DATA, WAKE PROBE DATA,
TOTAL PROBE BOUNDARY LAYER
DATA, AND SPLIT FILM
RESPECTIVELY.
[FOR ICP=I:]
LINE 3
LINE 4
LINES 5,6..NT
[FOR IW=I:]
LINE NT+I
LINE NT+2
LINES NT+3,
NT+4..
FOR EACH VALUE OF 1 (FOR ICP,IW,IP,IS) THE
RESPECTIVE DATA IMMEDIATELY FOLLOWS LINE 2. (IN
THE CASE OF ICP=IW=I, THE WAKE DATA
IMMEDIATELY FOLLOWS THE CP DATA; HOWEVER,
CASES OF ICP=I,IW=0 ALSO EXIST. NO OTHER CASES OF
SIMULTANEOUS DATA FOR A GIVEN RUN ARE
PRESENT.)
NCPP (I5) NUMBER OF CP DATA POINTS
HEADER LINE
I, XOC, YOC, CP
(IX, I5, 3F10.4)
NCPP LINES OF DATA WHERE:
I - DATA POINT NUMBER
XOC - TAP X/C-LOCATION
YOC - TAP Y/C-LOCATION
CP - PRESSURE COEFFICIENT
NWP (I5) NUMBER OF WAKE DATA POINTS
HEADER LINE
I, POS, QTUN, QWAK
(I5, 3F10.3)
NWP LINES OF DATA WHERE:
I - DATA POINT NUMBER
POS -PROBE TRAVERSE POSITION
(INCHES)
QTUN- TUNNEL Q (PSI)
QWAK- WAKE Q (PSI)
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[FOR IP=I:]
LINE 3
LINE 4
LINES 5,6..
[FOR IS=I:]
LINE 3
LINE 4
LINES 5,6..
NPP, AOA, XOC
(I5, 2F10.7)
I, YLOC, UBAR
(I5, 2E15.6)
NSP, AOA, XOC
(15, 2F10.7)
I, YLOC, UBAR,
SIGMA, URMS, UPBAR
(I5, 5E15.6)
NPP- NUMBER OF TOTAL PROBE
DATA POINTS
AOA - ANGLE OF ATTACK (DEG)
XOC - TOTAL PROBE X/C-
LOCATION
HEADER LINE
NPP LINES OF DATA WHERE:
I - DATA POINT NUMBER
YLOC - PROBE Y-LOCATION
(INCHES)
UBAR - AVERAGE U VELOCITY
(FT/SEC)
NSP - NUMBER OF SPLIT FILM
DATA POINTS
AOA - ANGLE OF ATTACK (DEG)
XOC - SPLIT FILM X/C-LOCATION
HEADER LINE
NSP LINES OF DATA WHERE:
I - DATA POINT NUMBER
YLOC - SPLIT FILM Y-LOCATION
(INCHES)
UBAR - AVERAGE U VELOCITY
(FT/SEC)
SIGMA - TURBULENCE NO. (%)
URMS - ROOT MEAN SQUARE
U VELOCITY (FT/SEC)
UPBAR - AVERAGE U PERTURBATION
VELOCITY (FT/SEC)
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APPENDIX C:
TECHNICAL PAPERS BASED ON THESE DATA
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